Introduction
Metal complexes with elements of group 13 are significant for a number of active areas of chemical and medical research: Al(III) has been associated with several diseases such as end-stage renal disease, neurodegenerative dysfunctions like Alzheimer's disease, and bone disorders such as osteoporosis. 1 Ga(III) and In(III) are of particular interest because of the availability of the radioisotopes 67 Ga, 68 Ga, 111 In, and 113 In which are useful in the area of nuclear medicine (e.g. for positron emission tomography and single photon emission computed tomography). 2 In addition, gallium(III), in terms of its coordination chemistry, is an excellent diamagnetic analogue of the biologically important (but paramagnetic) Fe(III) ion and as such enables NMR investigations for structure elucidation purposes. 3 Luminescence from complexes of group 13 metals has also been exploited for a number of applications,
for example in the aluminium 4 and gallium 5 complexes of 8-hydroxyquinoline and other chromophores 6 as organic light emitting diodes (OLED's) and in the classical analysis for aluminium 2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxy-chromen-4-one (known by the common name 'morin') as a reagent. 7 We recently introduced the ligand H 3 2 ( Figure 1 ) with a new chelating unit based on 1-oxo-2-hydroxy-isoquinolinone-3-carboxylic acid (1,2-HOIQO). 8 Ligands of this type have been found to be very efficient for the complexation of hard metal ions such as Be 2+ , Fe
3+
, and Ln
. In an extension of our previous work, we report here the synthesis of the new bidentate 1,2-HOIQO ligand H1 (Figure 1) and the coordination chemistry and the luminescence properties of the complexes of the two ligands with the trivalent group 13 metals Al, Ga, and In. 
Complex Syntheses
The synthesis of the metal complexes of H1 and H 3 2 was readily achieved by refluxing either ligand with the appropriate metal salt in methanol using pyridine as base (Scheme 1). This procedure gave the expected mononuclear complexes as colorless solids in analytically pure form after drying under reduced pressure at slightly elevated temperature (see the Experimental Section 4). Scheme 1. Synthesis of the complexes of H1 and H 3 2 with group 13 metals. Unlike the other complexes, the reaction of H 3 2 with aluminum salts unexpectedly yielded material that was not consistent with the formation of a monomeric species. Its structure could not be determined and its full characterization awaits further study. The neutral metal complexes shown in Scheme 1 are very sparingly soluble in water and alcoholic media (MeOH, EtOH), whereas they show good to moderate solubility in most other organic solvents, even in highly non-polar ones such as n-hexane.
Crystal Structures
Crystal growing attempts of complexes with H1 were unsuccessful and produced at best only extremely disordered nanocrystals. The observed behavior is likely due to the presence of both fac and 4 mer isomers which cocrystallize because of their very similar overall size and shape (vide infra). This phenomenon resembles the properties of tris(8-hydroxyquinoline) aluminum (Alq 3 ), one of the most studied coordination compounds due to its technological importance for OLED production. 4 In contrast to this, complexes with H 3 2 are geometrically restricted to the formation of the fac isomer.
Consequently, it was possible to grow single crystals of [In(2)] through vapor diffusion techniques. This compound, which crystallizes in the trigonal space group R-3, features a racemic pair of C 3 symmetric complexes with the central tertiary amine nitrogen (N1) and the metal center (In1) on the threefold axis (Table 1, Figures 2 and 3) . 3 for Windows, 9 50% probability level). Hydrogens omitted.
The geometry around the six-coordinate indium cation can be best described by the twist angle α 
NMR Spectroscopy
In order to obtain more structural information on the tris(bidentate) [M(1) 3 ] species and the distribution of the two possible geometric isomers (fac vs. mer), 11 their 1 H NMR spectra were analyzed ( Figure 5 ). 
Photophysical Properties
The ligands H1 and H 3 2 are essentially non-fluorescent in solution. In contrast to this, group 13 metal complexes with these ligands are highly luminescent upon UV irradiation. This phenomenon is known in the literature as "chelation-enhanced fluorescence (CHEF)" and is in most cases due to the suppression of low-lying charge-transfer transitions upon metal binding. 13 A preliminary solvent screening revealed that the emission efficiency for all complexes was generally high in relatively unpolar solvents (such as CHCl 3 , toluene, THF, etc.) and decreased in more polar media such as DMF and CH 3 CN. The best solvent in this respect was benzene and subsequent measurements were carried 8 out in this solvent. The UV-vis absorption spectra and the fluorescence spectra (λ ex = 327 nm) for all five complexes are very similar. Table 2 summarizes the properties of these species and Figure 7 shows as a representative example the spectra for [Al (1) The absorption spectra show a strong band around 335 nm featuring a pronounced structure with a separation of ca. 1330 cm -1 for this vibronic progression. The latter phenomenon, which is also observed for a number of aromatic hydrocarbons (eg. benzene, naphthalene, and anthracene), is mirrored in the fluorescence spectra, which show a Stokes shift of only a few nm and maxima around 375 nm (blue-violet). Together with the observation of short lifetimes (τ ≈ 0.5-3.4 ns, Quantum yield measurements gave values between 7-37% in benzene, which compare well with previously reported, successful systems for luminescent metal complexes of group 13 metals (Al, Ga,
In) in solution. 15 As a general trend, the quantum yields decrease with the size of the group 13 metal 
Density Functional Theory Calculations
In order to investigate the electronic structure of our metal complexes from a theoretical standpoint, we performed density functional theory (DFT) calculations on our system. The main goal was to see which influence the hydroxamic acid binding unit has on the fac/mer isomer distribution in complexes with H1 and to get insights into the trends of the basic electronic structure with the variation of the central group 13 metal (Al, Ga, In). Geometry optimization of the fac and mer isomers of the complexes with the metals Al and Ga was performed within the Gaussian 03 package 16 by DFT with the B3LYP exchange correlation functional using the 6-31G(d) basis set. These conditions were used for similar group 13 metal complexes (e.g. Alq 3 ) before and have proved to be on a sufficient level of theory to describe the properties of the complexes adequately. 17 For the In complex, the LANL2DZ basis set was 10 used instead. 18, 19 Time-dependent DFT (B3LYP / with 6-31G(d) for Al, Ga and LANL2DZ for In) calculations yielded the absorption properties (excitation wavelength, oscillator strengths, etc.) of the metal complexes. The data obtained from these calculations are summarized in Tables 3-5 The optimized structures show no unusual features and consist of only slightly distorted octahedrally coordinated metal centers in all cases. 19 As can be seen from temperature. Therefore, from a purely thermodynamic standpoint, the two isomers could be expected to interconvert very rapidly, even at low temperatures as was suspected in the context of interpreting the computational prediction of the absence of a clear isomeric preference in our system is surprising, taking into account the clear dominance of the mer species for a variety of related 8-hydroxyquinoline group 13 metal complexes, such as Alq 3 .
The electronic structure around the HOMO-LUMO gap of the metal complexes is exemplified by the two isomers of [Al (1) 
Experimental Section

General
Chemicals were purchased from commercial suppliers and used as received unless stated otherwise.
Solvents were dried by standard procedures (benzene: Na-wire, MeOH: Mg/I 2 ). Pyridine was distilled before use. Elemental analyses and mass spectrometry were performed by the microanalytical and mass spectrometry facilities of the University of California, Berkeley. NMR spectra were measured on Bruker AVQ-400 ( 1 H: 400 MHz, 13 C: 101 MHz) and DRX-500 ( 1 H: 500 MHz).
Synthesis of Ligand H1
Benzyl protected ligand H1
Benzyl-protected 1,2-HOIQO 3-carboxylic acid chloride 8a (4.57 g, 14.6 mmol, 1.0 equiv.) was dissolved in dry CH 2 Cl 2 (100 mL) and added dropwise to an ice-cooled mixture of MeOH (50 mL) and MeNH 2 (30 mL, 40% in H 2 O). After complete addition, the ice-bath was removed and the reaction was stirred for 12 h at ambient temperature. Sat. aq. NaHCO 3 (100 mL) was added and the organic phase was separated. The water layer was extracted with additional CH 2 Cl 2 (3 x 50 mL), the combined organic phases were dried (MgSO 4 ), and concentrated under reduced pressure. The pale-yellow solid was recrystallized from MeOH to yield a colorless solid (3.72 g, 83%).
Mp 
Ligand H1
The benzyl-proteced ligand H1 (0.56 g, 1.8 mmol, 1.0 equiv.) was dissolved in a mixture of glacial HOAc (10 mL) and conc. HCl (10 mL) and heated to 50°C (bath temperature) for 48 h. The colorless solution was concentrated under reduced pressure (bath temperature <40°C) and the residual crude (41 mg, 127 μmol, 1.0 equiv.) in MeOH (4 mL) was added, followed by pyridine (300 mg). The colorless mixture was heated to reflux for 2 h. After cooling to ambient temperature and standing for 5 h, the colorless solid was collected, washed with MeOH, and dried in vacuo at 40°C (bath temperature)
for 15 h. The complex was obtained as slightly pink solid (35 mg, 39%).
Mp • x H 2 O (28% In, 32.0 mg, 1.0 equiv.) in MeOH (4 mL) was added, followed by pyridine (300 mg). The colorless mixture was heated to reflux for 2 h. After cooling to ambient temperature, the colorless solid was collected, washed with MeOH, and dried in vacuo at 40°C (bath temperature) for 15 h. The complex was obtained as slightly pink solid (52 mg, 84%). 
Single-Crystal X-Ray Analysis:
A where A is the absorbance at the excitation wavelength , I is the intensity of the excitation light at the same wavelength, n is the refractive index and D is the integrated luminescence intensity. The subscripts 'x' and 'r' refer to the sample and reference respectively. Quinine sulfate in 0.5 M sulfuric acid was used as the reference (Φ r = 0.546) and the estimated uncertainties in the reported Φ values are ±15%.
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Computational Methods
All calculations and the preparation of the graphics were performed using the Gaussian 03 (revision B.04) package. 16 Molecular geometries were optimized in vacuum without symmetry restraints using density functional theory (DFT) with the B3LYP hybrid exchange correlation functional and the 6- 
